Although in good years four-egg clutches produced more fledglings per nest than smaller clutches, in poorer years three-egg clutches produced at least as many or more fledglings per nest than larger clutches. In this fluctuating environment, a modal clutch size of three apparently has been selected for, possibly because it yields the highest average number of offspring per nest during both good and poor years.
ate climate than the inhabited main Hawaiian islands. Although extreme weather conditions are more common during the winter months, heavy rain and high wind may occur at any time (Table  1 and Fig. 2 ). Five vegetation associations occur more or less concentrically around the lake, from outermost to innermost, as follows: Scaevola shrub; Eragrostis bunchgrass; Ipomoea-Boerhavia-Sicyos viney; Pluchea shrub, and Sesuvium-Heliotropium-Cyperus wetland associations. Although NEST 
VISITATION, EGG AND CHICK MEASUREMENTS
Nests were located after observing specific adult behaviors in an area or locating a female late in the season who had not yet begun her post-breeding molt. Nests of unknown initial clutch size were sometimes discovered by hearing the chicks beg. Most nests were located fortuitously during random walks made while feeding observations were being recorded (unpubl. data). Some nests were found by methodically searching through Eragrostis clumps. Although this method was much less productive, it was employed especially during the 1988 field season, because I arrived on Laysan after the peak of nest building.
At the end of the 1986 field season, 10 E. variabilis clumps containing nests with banded pairs that had produced young were marked so that they could be located in following years. Another 11 such bunchgrass clumps were marked in 1987.
Located nests were usually checked daily each morning until the clutch was complete, again on the 10th and 15th day after the first egg was laid, and thereafter daily until the clutch had hatched. Each egg was uniquely numbered within 24 hr after being laid. If the nest was located after eggs were laid, it was checked daily, or every other day, until the eggs hatched. Eggs in these nests were marked in order to track individuals, but were excluded from analyses requiring known laying order, clutch size, or egg age. Egg lengths and widths were measured to 0.1 mm with calipers, and eggs were weighed to 0.1 g with a Pesola scale. Only first-day egg weights were used in analyses. Over the three years, most measures were from May and June.
Newly hatched chicks were marked with different colors on the dorsal down with felt-tip pens so that individuals from known eggs could be identified. If the female parent was unbanded, an attempt was made to capture, band, and measure her just after the last or next-to-last chick had hatched, when she was easy to capture on the nest. Chicks/eggs were always covered with a light cotton cloth or porous plastic lid while thereafter until approximately 11 to 14 days of age, by which time they had been uniquely legbanded. Nest checks and egg or chick measurements were not made during heavy rain or high winds.
The following measurements were made on chicks: unflattened right wing chord, right tarsal length, beak depth, beak width, beak length, and sternum length, all measured to the nearest 1.0 mm. Weights were taken to 0.1 g with a Pesola scale. These weights and measures will be described in detail elsewhere (Morin and Conant, unpubl. data). In 1987, detailed observations of feather emergence and chick development were made on five chicks.
FATES OF EGGS AND CHICKS
Nests were checked every few days (even after chicks were no longer being measured) to determine the fate of offspring and the age of fledging. The definitions of the 17 possible fates are summarized in Table 2 . Fates are not necessarily mutually exclusive, but represent a "best guess" based on the evidence. However, each egg/chick was assigned only one fate.
All data were statistically analyzed using routines from the personal computer Statistical Analysis System, version 6.03 (SAS 1988).
RESULTS

WEATHER
Daily air temperatures ranged from a minimum of 13.3"C to a maximum of 36.1"C (Table 1) . Recorded wind speeds ranged from 0 to 48 km/ hr, although storms with considerably higher wind speeds beyond our measurement capability occurred. Daily precipitation ranged from 0 mm to a high of 152 mm. Based on our rainfall data, as well as observations of vegetation status, 1986 could be considered an unusually wet year, 1987 a drought year, and 1988 an intermediate, possibly more representative year (Fig. 2) . Although not included in this paper, qualitative observations of plant phenology and finch feeding patterns indicated reduced food abundance during the 1987 breeding season (Morin and Conant, unpubl. data). the female was quickly banded.
When the hatching order of chicks was not PAIR FORMATION AND MAINTENANCE known, the chicks were not included in hatch-Laysan Finches exhibit delayed plumage matuorder analyses. New chicks were initially mea-ration; males do not usually reach full adult sured on the first, second, and/or third day of plumage until their third year (Banks and Laylife. Chicks were measured every other morning boume 1977). All males seen in banded, breeding Monogamy was the only breeding system observed. Once a pair had formed and a nest was under construction, the mates were either seen only together or each alone (n = 44 different pairs with known nest sites). A minimum of nine banded pairs were resighted in subsequent years, indicating at least some year-to-year mate fidelity. In at least 12 cases, one or both members of a pair were seen renesting within the same season. Only once were both members of a previously identified pair seen together at a renest within the same season. More typically, only one member of a pair was ever seen at the first or second nest, or one member of the pair was unbanded, so that positive pair identification was impossible. Repairing within a season was never observed. However, three individual birds repaired between seasons; two had spent two consecutive seasons with the same partner, but in the third season were seen with a new partner. At least two of these three repairings probably represent replacement after the death of the previous partner, since the missing partner was not resighted. Because banded finches were seldom seen more than 0.8 km from where they had been banded (Morin, unpubl. data), it is probable that these missing mates would have been seen if they were alive.
The male frequently regurgitated food to his mate during courtship and during the laying and incubation period. The females quivered their wings while soliciting feeding with vocalizations similar to those of fledglings begging for food. Both sexes were seen singing and performing wing and tail "flips" near each other. (The wings were rapidly spread in and out and the tail was rapidly (Fig. 3) , and eggs were laid until at least July 13.
In 1988, fledged hatch-year birds were observed on 16 May; this indicated that eggs had been laid at least 45 days earlier, or by 2 April. The last 1988 eggs were seen on 13 August.
For all three years combined, egg laying peaked during mid to late May (n = 49 1 known-age eggs), and this appeared to be true for each separate year (Fig. 3) Based on data from all three years, six pairs (out of 44 different pairs where both members were banded and the nest sites were known) were verified nesting with the same mate for two consecutive years in nearby Eragrostis clumps. One pair built 1986 and 1987 nests only 3 m apart. More typically, only one member of a pair was positively identified at a nest (the mate was either not seen or was unbanded). Even for these individuals, the subsequent year' s nest could often be found by looking near the previous year' s nest.
Within the same year, limited anecdotal evidence suggests that renest(s) tend to be near each other, or even in the same nest cup. One 1988 banded pair had two unsuccessful nests before their third nest produced two fledglings; the first two nests were 34.6 m apart and the final nest was 56.5 m from the second nest. In 1987, a banded female renested in her original nest cup after her first clutch of four failed, but I left Laysan before I could determine the fate of her second clutch of three eggs. In 1986, a banded female reused her original nest cup after she successfully fledged a chick, but her second brood failed when the chicks starved.
NEST CONSTRUCTION AND ADULT BEHAVIOR AT THE NEST
It is not clear who chooses the nest site, but prior to nesting, females were frequently seen running on the ground, with the male in close pursuit. A female would quiver her wings in front of a clump of E. variabilis before climbing in and investigating it. She did this repeatedly with a series of clumps, giving the appearance of searching for a nest site. Once selected, the nest site might be guarded by both sexes, but a larger territory was not defended. Relative to their nests, pairs foraged both near and far away, but did not defend foraging areas. Foraging occurred in all vegetation types, although some spots appeared to be especially popular foraging "commons." Factors such as plant and insect availability, proximity to researcher tents (i.e., food crumbs), fresh water availability, the distribution of seabird nests, and the density of finch nests probably affected foraging patterns.
Only female Laysan Finches were seen carrying nesting material to the nest, although a female was sometimes followed by her mate during the nest building. Nest construction generally took two to seven days. Nests were often located after partial construction, making construction time difficult to calculate. The construction of two nests appeared to take at least 27 and 29 days, but these were abandoned during early construction and activity was resumed much later. Since the pairs for both nests were unbanded, it is possible that different pairs finished the nests.
After a nest seemed completed, the pair frequently left the site for several days, presumably to forage. After such an absence, the female was often found sitting in the empty nest cup in an incubating position; her first egg was almost always found the next morning. Generally, females appeared to begin daytime incubation as soon as the first egg was laid. On one occasion, a nest was checked the night (22:00 hours) the first egg was laid, the female was not found on the nest. However, she was asleep on the nest the next night at the same time, after she had laid her second egg. Based on three night observations of a nest from 1987, the female brooded the chicks at night until they were at least 17 days old. The male was not seen during these nocturnal visits.
Males do not have brood patches and only females were seen incubating. During egg laying, incubation, and early brooding, females seldom left the nest site and were fed by male regurgitation. When a male came to feed his mate, she usually left the nest and was fed by him nearby (within 3 m). Both males and females appeared disturbed if such feedings were observed, and positioned themselves so that my view was blocked by vegetation. If a female appeared to notice me when she was returning to the nest after a feeding bout, she usually would move to Eragrostis clumps that did not contain her nest. I sometimes found nests by going to the clump avoided by the female.
When nesting was at its peak, females were seen less frequently because of their incubation schedules. At this time, adult males were unusually abundant in camp and were easily caught in food-baited traps and at water stations during dry conditions. Some of the male foraging for food and water occurred at a frenzied pace after the eggs had hatched. The females did not substantially help with feeding the chicks until they were several days old. Even then, males seemed to do most of the feeding. Both males and females fed the young by regurgitation.
Fecal sacs were removed by both parents, and In 1986, mean egg mass increased with increasing clutch size (Fig. 5) . The mean egg from a four-egg clutch in 1986 was significantly heavier than the mean egg from a three-egg clutch (Mann-Whitney: Z = 2.273, P = 0.023). In the drought year of 1987, the trend was reversed; eggs from three-egg clutches were significantly larger than those from four-egg clutches (MannWhitney: Z = -2.776, P = 0.006). However, in 1988, there was no significant difference between Because of asynchronous hatching, there was usually a size hierarchy within a clutch: the older chicks were almost always larger. Size differences persisted until the chicks approached fledging. Chicks abandoned the nest prematurely if handled after 14 days of age, but they appeared to later regroup outside the nest after such a disturbance.
Chicks left the nest cup gradually, and spent progressively more time perched on the nest rim as they aged, older chicks did so earlier than younger chicks. Infrequently, after a disturbance, chicks moved from the nest clump to a nearby clump before the normal fledging age. Fledging was a gradual process; I defined a "fledged" chick as one that no longer associated mainly with the nest, even though it still may have frequented By three months of age, a few banded hatchyear birds had moved as far as 0.8 km or more within a single day. The yellow bill flanges were no longer obvious at a distance after the fledglings were about two and one-half months of age.
EGG AND CHICK MORTALITY
Overall, 69.3% of all eggs that hatched survived to fledge. Hatchling survival was similar during each of the three years (Table 3) from the analyses which follow, unless otherwise stated. Only nests with known-size clutches are included, where all eggs were marked as they were laid. The few clutches of five were included as known-size clutches because five eggs appears to be the maximum clutch size. The fates of eggs and chicks from nests of unknown initial clutch size are summarized in Table 6 .
For all three years combined, fates of eggs from known-size clutches were primarily EGG DIS-APPEARED 33.0% (n = 175), CHICK FLEDGED 28.1% (n = 149), and EGG AD-DLED 10.2% (n = 54). The other 14 fates each accounted for less than 4% of the total 530 eggs from known-size clutches. For each year taken separately, egg fates from known-size clutches were also primarily EGG DISAPPEARED and CHICK FLEDGED (Table 7) . However, of the 83 eggs from known-size clutches laid in the early 1986 season, 47 (57%) disappeared, 35 (42%) suffered various other fates, and only 1 (1%) fledged a chick. This subset of eggs also accounted for 13 of the 18 EGG ABANDONED, 6 of the 10 CHICK STARVED, and 6 of the 10 EGG 
CRACKED/PECKED/HOLES
for that entire year (Table 7) .
When the egg fates of known-size clutches were combined for all years (n = 530), there was a tendency for the percent of eggs with the fate EGG DISAPPEARED to decrease as the clutch size increased (Table 8 ). In contrast, there was a tendency for the percent of eggs with the fate CHICK FLEDGED to increase as the clutch size increased. After the single clutch of one egg was omitted, success (fledged versus nonfledged eggs) was not independent of clutch size (G = 14.702, P = 0.002). However, for only the three-and four-egg clutches, and only the three-, four-, and five-egg clutches, fledging success was independent of clutch size (G = 2.266, P = 0.132; and G = 2.272, P = 0.321, respectively). Two-egg clutches had significantly lower fledging success.
In 1986, the percent of eggs producing fledglings increased as the size of the clutch increased (Fig. 9) . This was the only year when an egg' s prospect for fledging success was associated with clutch size for three-and four-egg clutches (x2 = 44.67, P < 0.001); a higher percent of eggs from four-egg clutches produced fledglings. In the dry year of 1987, no five-egg clutches were found, ly nests had normal chicks that apparently starved to death. Not only did rain and wind during these storms appear to stress the young chicks thermally (e.g., chicks were cool to the touch), but the parents seemed unable to feed them adequately during such conditions. From the 83 eggs laid in known-size clutches in early 1986, only one chick fledged. More than half of the eggs disappeared, and most of the rest were abandoned, were found with holes (e.g., pecked eggs), or the chicks were found starved. Laysan Island experienced a dry 1987 (Fig. 2 ) and weather again inlluenced finch reproduction. The level of the lake was low; sections of the lake bed were dry and exposed. Various observations of vegetation, as well as total reproductive failure by the Laysan Duck, further confirm that 1987 was a drought year (pers. observ.; A. Marshall, pers. comm.). The native vine (Sicyos maximowiczii), an important finch food source, decreased in abundance relative to 1986. Another important finch food, Portulaca spp., which was abundant in 1986, was absent until after a midJune rain in 1987, when it began sprouting. In many of the areas that were flooded the previous year, the vegetation had not yet recovered, so potential finch foraging areas were reduced in quality and also quantity. Of the three years studied, only in 1987 did the finches not attempt to breed early in the season. The highest percent of addled and defective eggs, eggs that died during pipping, and chicks that died in the nest from unknown causes also occurred in 1987 (Table 7) . Since relative humidity affects water loss from eggs, thus affecting hatchability (Drent 1975 1977) . In spite of high adult survival, survival between hatching year and second year appears to be low; only 3.5% of banded chicks that fledged were resighted a year or more later. The probability of resighting a banded bird is rather high, since dispersal of banded finches away from the banding sites is low (unpubl. data). Therefore, it is more likely that banded fledglings died rather than dispersed to a distant area. turnover rate. However, the finches' familiarity with a general area should increase their foraging efficiency, because they will know where food was located in the past.
Laysan Finches do not maintain a type 1 territory, but only defend the nest, nest substrate (E. variabilis), and their mates. These behaviors decrease the likelihood of extra-pair copulation and nest parasitism, which I have never observed. Nest parasitism seems unlikely, since females seldom leave their nests once laying begins. However, male parents were frequently absent from the nest site while foraging and had ample opportunity to copulate with females other than their mates. Bart and Robson 1982, Hensler 1985) . In this study, many nests were found before laying began (the "known-size clutch" nests), so that individual eggs and subsequently chicks could be marked and their ultimate fates identified. Comparing unknown-size clutches (Table 6 ) with known-size clutches (Table 8) demonstrates how uncorrected data from unknown-size clutches inflate the fledging rate and seriously underestimate the number of eggs lost. Also, the number of nests of unknown-size clutches is not representative of the true clutch size distribution. The uncorrected data of Table 6 suggest that there were relatively fewer three-egg clutches than there actually were (Table 8 However, my data do not consistently support the brood reduction model, although it may be applicable during some years. During the late 1986 season, a higher percent of eggs from bigger clutches actually fledged than those from smaller clutches (Figs. 9, 10) . The 1987 data may appear to support brood reduction, since a lower percent of eggs from four-egg clutches fledged chicks than eggs from three-egg clutches. If brood reduction occurs only in some years, a drought year (like 1987) with limited food would be a likely time to expect it. During 1987, egg weights were also significantly lower in four-egg clutches than in three-egg clutches (Fig. 5) . However, the mean number of hatchlings per nest was the same for both clutch sizes (Fig. 8) , suggesting that egg size (and therefore indirectly brood size) may be adjusted by the female' s ability to form viable eggs in relation to her nutritional status.
Several studies have shown that nestling survival is related to initial egg size. Slagsvold et al. (1984) found that eggs that did not hatch were significantly smaller than those that did. This could explain why the 1987 four-egg clutches, which had significantly smaller egg weights than the 1987 three-egg clutches, did so poorly (Fig.  8) . During 1988, a year that seemed intermediate in both food availability and rainfall (Fig. 2) , four-egg clutches had a higher fledging rate than three-egg clutches (Figs. 8, 9 ). The 1988 mean egg mass from four-egg clutches also tended to be heavier than the mean from three-egg clutches ( Rahn et al. 1975 ) so laying an extra egg may represent a relatively small investment. However, in good years, there is an advantage to laying a larger clutch, because more fledglings per nest attempt will be produced (Fig. 8) .
A similar situation has been described by Boyce and Perrins (1987) for Great Tits in a fluctuating environment. They suggested that in the long nm it is advantageous for tits to lay clutches smaller than the largest possible clutch size. This strategy may be illustrated in the Laysan Finch by the fledging success in clutches of five. During a good breeding season (late 1986), the two five-egg clutches were the most productive, but during a representative year (1988), fledging success in the two five-egg clutches was as poor as the success from two-egg clutches (Fig. 8) . Mm-ton and Westwood (1977) believed that the optimal clutch size is always smaller than the largest possible clutch size, and that the most frequent clutch size is that which on the average gives the most survivors. Although there may be selection on Laysan Island against four-and five-egg clutches in the poorest years, counter selection during the best years probably keeps the clutch size from stabilizing at three. This suggests that demanding environmental conditions (e.g., droughts) may be a fairly common occurrence.
Although there are only anecdotal supporting observations, it seems likely that high ambient temperatures, intense isolation and low wind speed may sometimes cause such extreme ground level heating of the sandy Laysan substrate that bigger broods with older nestlings may become seriously heat stressed. Several times chicks were seen panting in crowded nests, and upon being handled, were found to be unusually warm. It seems likely that occasional heat stress also places an upper limit on clutch size, at least in some years. Although Laysan is rather desert-like, the finch has apparently not evolved unusual heat tolerance (Weathers and van Riper 1982), even though it has a reduced basal metabolic rate and reduced evaporative water loss, which are both adaptations associated with dry environments. 
